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Abstract 

The use of new preventive approaches such as immunostimulants to reduce stress and mortalities, to maintain good health of 
cultured organisms and to stimulate the non-specific defence mechanism, is becoming increasingly important in aquaculture. Yet 
detailed analysis reveals that in most experiments the validity of some conclusions with respect to the bene fit of immnnosfi mutation 
is still doubtful especially in invertebrates. The use of standardized trials under controlled rearing conditions, complemented with 
fundamental research on defence mechanisms can provide unequivocal evidence for the beneficial effects of immunostimulants in 
reducing invertebrate susceptibility to diseases or infections. This study investigated the use of small amounts of baker s yeast 
Saccharomyces cerevisiae and glucan particles (obtained from baker’s yeast) in gnotobiotic Anemia to overcome the pathogenicity 
of two organisms: Vibrio Campbell u and V proteolyticus. Anemia supplemented with small quantities of a yeast strain presenting 
higher concentrations of p-glucans or with glucan particles seemed to completely resist the detrimental effects of both pathogens. 
The higher amount and/or availability of p-glucans in that yeast might play an essential role in such protection, as most probably 
glucans stimulate the immune response of the nauplil 
© 2005 Elsevier Ltd. All rights reserved. 
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1. Introduction 

Diseases are still a major constraint to sustainable aquaculture production, especially for the farming of inverte¬ 
brates [t ]. In intensive systems, fish and shell lish species are often exposed to stressful conditions, eventually becom¬ 
ing more susceptible to microbial infections, especially in their larval stages [2]. In order to protect larvae, il is 
common practice to disinfect the w ater before use and to apply chemotherapy (e.g, antibiotics) [3], Yet such practices 
are undesirable since they promote the selection and dissemination of antibiotic-resistant bacteria in both the target- 
organisms, as well as in the environment [2], Nowadays, the use of preventive approaches, essential for further 
development of more sustainable aquaculture practices, are becoming increasingly important, e.g. vaccines, immu¬ 
nostimulants and probiotics. 
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Contrary to the vertebrates, which have both an innate and a specific immune system, the defence mechanism in 
invertebrates depends mainly on a non-specific or innate immune response to fight infectious diseases [4J. The inver¬ 
tebrate innate immune system presumably recognizes a wide diversity of pathogens, represented by common molec¬ 
ular patterns (e.g, fipopolysaccharides or peptidoglycans from bacteria, or P-glueans from bacteria and fungi) rather 
than structures specific for particular microbes [5]. In cases where disease outbreaks are cyclic and can be predicted, 
immunostimulants may be used to elevate the non-specific defence mechanisms, to reduce stress and mortalities, and 
to maintain the health of cultured organisms [6]. Although the exact mechanism is still not yet completely understood, 
several immunostimulants are being applied in vertebrate and invertebrate cultures, to induce and build up protection 
against a wide range of diseases: e.g, (3-glucans [7—10], chitin [11], mannoproteins [12], lipopolysaccharides [13], 
peptidoglycans [14,15] and dead bacteria [16—18]. Nevertheless, rigorous analysis of the results obtained in most ex¬ 
periments reveals that the validity of some conclusions with respect to the benefit of immunostimulation is limited, 
due mainly to poor experimental design, to the absence of any statistical analysis and to the poor reproducibility 
of results [2J. Therefore, these authors argued that there is an urgent need to provide unequivocal evidence of the ben¬ 
eficial effects of immunostimulants in reducing invertebrate susceptibility to disease or infection using standardized 
trials under controlled rearing conditions, complemented with fundamental research on defence mechanisms. These 
trials could be performed with gnotobiotically-cultured invertebrates (animals cultured in a totally controlled micro¬ 
bial environment)* 

The brine shrimp Artemia has been recently shown to be instrumental in the development of a gnotobiotic test sys¬ 
tem for studying the effect of food composition on survival and growth in the presence or absence of a challenge lest 
[19—21], Artemia is a crucial part of the live food chain in the farming of fish and shellfish larvae [22] and is also 
widely used in hatcheries to deliver immunostimulants to larvae (using the bioencapsulation technique, whereby spe¬ 
cific compounds are incorporated in live prey organisms) [23]. Since Artemia can take up a wide variety of feed par¬ 
ticles as it is a non-selective particle filter feeder able to ingest a maximum particle size of 25—30 pm for nauplii and 
50 pm for adults [24,25], axenically grown baker's yeast can be offered as feed. The Baker's yeast Saccharomyces 
cerevisiae is an excellent source of {3-glucans and chitin, which are mainly present in the yeast cell wall as major com¬ 
pounds together with mannoproteins [26]. 

The present study investigates the use of Baker’s yeast and gliican particles in gnotobiotic Artemia to overcome 
the virulence of two pathogenic bacterial strains. For that purpose, commercially available particles of glucans ob¬ 
tained from S. cerevisiae and intact cells of two strains of live Baker's yeast were offered as feed to gnotobiotic 
Artemia * 


2. Materials and methods 

2.1 . Axenic cultures of yeast 

Two different strains of Baker’s yeast Saccharomyces cerevisiae were provided to Artemia: the wild type strain 
(WT) (BY4741, genotype Mat a; his3Al\ leu2AQ\ met!5AO; ura3A0) and its mnn9 isogenic mutant (BY4741; geno¬ 
type Mat a\ his3A!\ leu2A0\ metl5A0; ura3A0\ YPL050c::kanMX4), which has a null mutation resulting in a lower 
concentration of mannose linked to mannoproteins, and higher concentrations of chitin and glucans in the cell wall 
[19,26]. Both strains were provided by the European Saccharomyces cerevisiae Archive for Functional Analysis, Uni¬ 
versity of Frankfurt, Germany. The procedures used in the present study to culture both yeasts were identical to the 
methods described by Marques et al. [19]. A complete Yeast Extract Peptone Dextrose medium was used to culture the 
WT yeast, while a minimal Yeast Nitrogen Based medium was used to culture the mnn9 yeast. The WT strain was 
harvested by centrifugation (±800 X g for 10 min) in the stationary growth phase [using a spectrophotometer to 
measure the optical density (OD) of the yeast culture at a wavelength of 600 nm after 3 days of culture; OD 600 : 
± 10.600 for WT], while rnnn9 yeast was harvested in the exponential growth phase (after 20 h of culture; OD 600 : 
±0.700). All handlings were performed in a laminar fiow r hood to maintain sterility. Yeasts were resuspended in fil¬ 
tered and autoclaved seawater (FASW, 0.2 pm) and their densities were determined by measuring twice the cell con¬ 
centration, using a Burker haemocy tome ter. Suspensions were stored at 4 °C and provided to Artemia until the end 
of each experiment. The following 2 feeds were chosen because of the protection they provide against pathogenic 
bacteria: no protection (WT yeast) and protection (mnn9 yeast) [21]. 
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22. Bacterial strains and growth conditions 

Three bacterial strains were examined: strain LVS 3 (Aeromonas hydrophila), Vibrio campbellii strain LMG21363 
(VC) and Vibrio proteolyticus strain CW8T2 (VP), I .VS 3 was selected because of its positive effect on growth and sur¬ 
vival in sub-optimally fed Anemia [21*27,28], while the other two bacterial strains were previously characterized as 
pathogenic bacteria for Artemia [21,27—30b Pure cultures of the 3 bacterial strains were obtained from the Laboratory 
of Microbial Ecology and Technology, Ghent University, and from the Laboratory of Microbiology, Ghent University. 
The bacterial strains were stored at -80 °C and grown overnight at 28 Q C on marine agar, containing Difco™ marine 
broth 2216 (37.4 g/1, BD Biosciences) and agar bacteriological grade (20 g/1, ION)* For each bacterial strain a single 
colony was selected from the plate and incubated overnight at 28 °C in Difco™ marine broth 2216 on a shaker 
(150 rpm). Bacteria were harvested by centrifugation (15 min; ± 2200 X g\ the supernatant was discarded and the pel¬ 
let resuspended in 20 ml FASW, Bacterial densities were determined by spectrophotometry (OD 550 ), assuming that an 
optical density of 1.000 corresponds to 1.2 X 1 if cells/ml, according to the McFarland standard (BioMerieux, Marey 
L'Etoile, France). Dead I-VS 3 was fed to Artemia using aliquots of autoclaved bacteria (autoclaving at 120 C for 
20 min). In order to check if the bacteria were effectively killed by autoclaving, LVS 3 was plated after being exposed 
to this method. For this purpose, 100 pi of the culture medium were transferred to marine agar (n = 3), containing 
Difco™ marine broth 2216 (BD Biosciences, 3.74% w/v) and bacteriological grade agar (ICN, 2% w/v). Absence of 
bacterial growth was monitored after incubating the plates for 5 days at 28 C. The autoclaving treatment was 100% 
effective, since no bacterial growth w f as observed on the marine agar after 5 days of incubation. Dead and live bacterial 
suspensions were stored at 4 °C until the end of each experiment. 


23, Artemia gnotobiotic culture 

Experiments were performed with Artemiafranciscana (Kellog) cysts, originating from Great Salt Lake, Utah, USA 
(EG® Type, INVE Aquaculture NV, Belgium). Bacteria-free cysts and nauplii were obtained via decapsulation accord¬ 
ing to the procedure described by Sorgeloos et al, [25], During decapsulation 0.22-pm filtered aeration was provided. 
All manipulations were carried out under a laminar flow hood and all necessary tools were previously autoclaved at 
120 °C for 20 min. Decapsulated cysts were washed carefully with FASW over a 50 pm pore size sterile net and trans¬ 
ferred to a sterile 50 ml screw cap Falcon tube (TRP- , y-irradiated) containing 30 ml of FASW. The tube was capped 
and placed on a rotator at 4 cycles per min, exposed to constant incandescent light ( + 41 pEm ) at 28 °C for 18—20 h. 
Twenty axenic nauplii (Instar II) were picked and transferred to sterile 50 ml tubes containing 30 ml of FASW, together 
with the amount of feed scheduled for day 1 (see further for feeding schedule). Each treatment was set up in 4 repli- 

■"j 

cates. Falcon tubes were placed on a rotator at 4 cycles per min, exposed to constant incandescent light (+ 41 pEm ) 
at 28 °C, being transferred to the laminar flow just once per day for feed addition. The daily feeding schedule svas adap¬ 
ted from Coutteau et al, [31 ] and Marques et al. [19], and w'as intended to provide ad libitum ratios, avoiding excessive 
feeding, in order not to affect the water quality in the test tubes. The total amount of dead LVS 3 provided to Artemia 
was approximately 3.7 X 10 9 cells/tube (added daily using the same fraction as of yeast — 9:18:18:24:36), corre¬ 
sponding to an ash free dry weight (AFDW) (1.06 ± 0.06 mg/tube) normally provided to nauplii fed with WT yeast 
cells [19—21]. The total AFDW of yeast and bacteria added to Artemia in experiments 1—3 is presented in Table 1. The 
AFDW of yeast and bacteria were calculated according to the procedures described by Marques et al. [211. 

Table I 


Average total ash free dry weight (AFDW), expressed in mg/Falcon tube (mg/FT), of yeast (WT and mnn9), dead and live bacteria (LV S 3, VC and 
VP), and glucans supplied to Artemia in experiments [—3 (n = 2) 


Experiment 1—2 

AFDW r (pg/FT) 

Experiment 3 

AFDW (pg/FT) 

dead LVS 3 

1057.95 

± 

59.63 

WT 

1057,95 

t 

84.76 

WT 10% 

105.79 

+ 

8.48 

dead LVS 3 

1057,95 

± 

59,63 

WT 1% 

10,58 

± 

0,85 

live VC D3 

37.98 

± 

0.14 

irmn9 10% 

260.18 

± 

7.90 

live VP D3 

36.02 

± 

0.54 

mnn9 1% 

26.02 

± 

0.79 

— 

— 



live VC D3 

37.98 

± 

0.14 

— 

— 



live VP D3 

36,02 

± 

0.54 

— 

— 




D3 means that products were added on day 3. Values of AFDW are presented with the respective standard deviation (mean ± SD), 
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2 A, Methods used to verify axenity 


Axenity of feed, decapsulated cysts and Artemia cultures was checked at the end of each experiment using a com¬ 
bination of plating (marine agar) and live counting (using tetrazolium salt MTT live staining), following the proce¬ 
dures described by Marques el ah [19—21 ]> Absence of bacteria was monitored by transferring 100 pi of culture 
medium to Petri plates with marine agar 2216 (n — 2), Plates were incubated for 5 days at 28 °C As for live counting, 
each sample was stained with tetrazolium salt MTT (-3-(4 5 5-dimethylthazol-2-yl)-2,5-diphenyl tetrazolium bromide) 
(Sigma, 0.5% w/v) in a sterile recipient (1 part of MTT to 9 parts of sample) and incubated at 30 °C for 30 min. Under 
a light microscope (1000X magnification), live bacterial detection was performed. The MTT blue stains all viable/ 
living cells remaining in a culture [32]. making the detection of bacterial contaminations in a culture medium easier. 
Contaminated culture lubes were not considered for further analysis and the treatment was repeated. 

2,5. Glucan particles 


Pure insoluble glucan particles obtained from the Bilker's yeast Saccharomyces cerevisiae (Sigma, 20 mg) were asep- 
tically transferred to sterile 50 ml Falcon tubes and homogeneously suspended in FASW. Contaminations were checked 
by plating the suspension on marine agar (100 pi, n = 2). Absence of bacterial growth was monitored after incubating 
the plates for 5 days at 28 °C No bacterial growth was detected on marine agar after the incubation period. An optical 
laser particle size analyser (Mastersizer MSX-17, Malvern Instruments Ltd., Malvern, Works, UK; resolution 0.05” 
900 pm) was used to determine the diameter of the glucan particles present in the suspension, using the software Malvern 
Mastersizer S version 2.19 0 (Malvern Instruments Ltd., Malvern, Works, UK) t Once the volume percentage of particles 
sizing less than 50 pm (maximum particle size that can be ingested by Artemia) w ? as calculated, the total amount of glu- 
cans needed per tube was established, according to previous results obtained by Marques et al. [19,211. These authors 
determined the amount of glucans present in the cell wall of the WTyeast cultured in the complete yeast extract peptone 
dextrose medium and harvested in the stationary growth phase (± 128.33 pg/tube) and noticed the lack of Artemia pro¬ 
tection against pathogenic bacte ria when led with this yeast. The suspension of glucans was stored at 4 °C until the end of 
the experiment being provided daily in equal portions per day to Artemia (26 pg/tube/day). 


2 .6. Experimental design 


This study comprises 3 experiments and their experimental design is schematized in Fig. I. In Experiments 1 and 2, 
respectively WT or mnn9 yeast were daily provided to Artemia in small amounts. As a result, Artemia were fed either 
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Fig. 1. Experimental design of the 3 experiments (Exp) performed. Legend: a)—1) correspond to the treatments performed; Y — yeast (wild type 
or mnn9 yeast added at 1% or 10%); DB — dead bacterium LVS 3; P — pathogen (Vibrio camphellii or V. proteolytic us)\ G — glucan particles; 
F — feed provided (W r T yeast, dead LVS 3 or a mixture of WT yeast and dead LVS 3). 
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with dead LVS 3 or with a combination of dead LVS 3 and yeast cells (I or 10% of the totally offered AFDW, divided 
in equal parts per day, to avoid the possibility that those yeast cells could be used as major feed sources hy Anemia). As 
a control, Artemia was only fed with yeast {1 or 10% of the normally offered total AFDW). At day 3, challenge tests 
were performed with VC or VP. For that purpose, in a laminar flow ? hood, the pathogen w as provided to each replicate 
at a density of approximately 5 X 10 6 cells/m). These experiments were repeated to verify the reproducibility of the 
results. 

In experiment 3, glucan particles were daily added to Artemia using the poor-performing WT yeast, dead LVS 3 or 
a combination of WT and dead LVS 3 (WT + LVS3) as major feed sources. In these treatments, Artemia were fed 
either with the major feed sources or with a combination of the major feed sources with glueans particles (provided 
in equal parts per day, to avoid the possibility that those glueans could be used as a major feed source hy Artemia), 
Challenge tests were performed with VC or VP added on day 3. As a control Artemia was only fed with glucan par¬ 
ticles (provided in equal parts per day) and challenged (or not) with the pathogens. This experiment was performed 
twice to verify the reproducibility of the results. 

In each experiment, Artemia performance in the control treatments w as compared to results previously obtained by 
Marques et ah [19—21], in order to evaluate the reproducibility. If significant differences were detected, data were 
rejected and all the treatments linked with that specific feed combination were repeated. Yeasts or glueans w r ere con¬ 
sidered to protect the Artemia nauplii against a specific pathogen when their use significantly improved Artemia per¬ 
formance in comparison to challenged nauplii not supplied with the respective compound. 

27. Survival and growth of Artemia 

The survival percentage was determined daily for each treatment. For this purpose, the number of live Artemia was 
registered before feeding or adding any bacteria by exposing each transparent Falcon tube to an incandescent light 
without opening the tube to maintain the gnotohiotie environment. At the end of each experiment (day 6 after hatch¬ 
ing), live Artemia w p ere fixed with I Algol's solution to measure their individual length (1L), using a dissecting micro¬ 
scope equipped with a drawing mirror, a digital plan measure and the software Artemia 1.0® (courtesy Mamix Van 
Damme). As a criterion that combines both the effects of survival and IL, the total biomass production (TBP; ex¬ 
pressed in mm per Falcon tube) was determined according to the following equation: TBP = number of survivors X 
mean IL. 

27. Statistics 

The percentages of larval survival were arcsine transformed, while values of IL and TBP were logarithmic or 
square root transformed, whenever necessary, to satisfy normal distribution and homocedasticity requirements. Differ¬ 
ences in survival, IL and TBP of Artemia cultured in different conditions were investigated with analysis of variance 
(ANOVA) and Tukey's multiple comparison range. All statistical analyses were tested at 0.05 level of probability. 


3. Results 

3.1. Small amounts of yeast 

In a first challenge test with VC or VP, the effects of supplying low amounts of WT or mnn9 yeasts to nauplii fed 
with dead LVS 3 as the major feed source w r ere studied. Results presented in Table 2 (Exp 1) indicate that non- 
challenged nauplii fed solely with dead LVS 3 (treatments b) or with a mixture of dead LVS 3 and WT yeast (1% 
or 10% — treatments c) survived until day 6 with low TBP Yet, the addition of 1% and 10% (treatments c) of 
mnn9 to non-challenged nauplii fed with dead LVS 3 (Table 3 — Exp 2) significantly improved TBP in comparison 
to nauplii fed solely with dead LVS 3 (treatments b), due to both improved survival and IL. 

Even providing only 10% of the normal amount of AFDW (of mnn9 yeast) in the absenee of bacteria (Table 3 — 
treatment a) was still enough to keep 65% of the nauplii alive until day 6 w ith a relatively high TBP, while nauplii only 
supplied with 1 % of the normal amount of AFDW of this yeast died on day 5 (treatment a). Yet, in terms of AFDW, the 
amounts of mnn9 yeast provided to Artemia were relatively low (Table 1). 
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Table 2 

Experiment I — Mean daily survival (%), individual length (IL) (mm) and total biomass production (TBP) (mm per Falcon tube — FT) of Anemia fed 
daily with various feed combinations 


T 

Experiment 1 

Survival (%) 





IL (mm) 

TBP (mm/FT) 



Day 2 

Day 3 

Day 4 

Day 5 

Day 6 



a) 

WT 10% 

26 ± 12 J 

20 + 8 C 

8 ± 5 C 

C f 

if 

— 

0,00 L 

b) 

dead LVS3 

66 ± 9 al> 

55 + 17 a,> 

33 ± 17* b 

14 + 6” 

8 ± 3 b 

1,36 ± 0.18 a 

2.04 ± 0.79 b 

c) 

dead LVS3 + WT 10% 

70 ± 3G abc 

50 ± I4 ab 

14 ± 18 h “ i 

6 ± 13 bc 

6 ± 13 J,ht; 

1.31 ± 0.18* 

1.64 ± 3.28^ 

d) 

WT 10% + VC P3 

34 + 13“* 

24 ± 6 C 

0 J 

o c 

0* 

— 

0.00 c 

e) 

dead LVS3 + VC D3 

70 + I5* b 

64 ± 17“ 

3 + 5^ 

o c 

o c 

— 

0,00° 

f) 

dead LVS3 + WT 10% + VC D3 

64 ± 9 ab 

58 ± !2 a 

9 ± 8 I>C 

if 

o c 


o.oo c 

d) 

WT 10% + VP D3 

29 ± I8 ccl 

23 ± 17^ 

3 ± S 011 

\ ± 3 C 

i + 3 C 

1.50 a 

0.38 ± 0.75" 

e) 

dead LVS3 + VP D3 

79 ± ir 

61 ± 8 a 

16 + lO 1 * 

0" 

(f 

— 

0.00 c 

f) 

dead LVS3 + WT 10% + VP D3 

59 ± 6 b 

56 ± 8“ 

54 ± s* 

45 ± 13* 

36 ± 18* 

1,68 ± 0,33 a 

12,18 ± 6.04* 

a) 

WT ! % 

34 + 25 ,K ' 

26 ± 3 7 hcd 

o d 

(f 

(f 

— 

0.00° 

b) 

dead LVS3 

66 ± 9 ab 

55 ± 17 ab 

33 ± 17 ab 

14 ± 6* 

8 ± 3* 

1.36 ± 0.18 b 

2,04 ± 0.79* 

c) 

dead LVS3 + WT ]% 

73 ± 9* 

58 ± I5 a 

45 ± 14“ 

11 ± 8 lb 

8 ± 5 ab 

1.20 ± 0.13 b 

1.80 ± 1.20“ h 

d) 

WT 1% + VC D3 

25 ± 12 C 

21 + 14 cd 

o d 


(f 

— 

imr 

e) 

dead LVS3 + VC D3 

70 ± I5 ;ib 

64 ± I7 a 

3 + 5“* 

(f 

0 C 

— 

0.00 c 

f) 

dead LVS3 + WT 1% + VC D3 

59 ± 21 ab 

50 ± 26^ 

6 ± 3 C 

1 ± 3 bc 

1 ± 

1,56* 

0.39 ± 0.78 h<; 

d) 

WT 1% + VP D3 

21 ± 6 C 

16 ± 5 a 

0 a 

0 L 

If 

— 

o.oo c 

e) 

dead LVS3 + VP D3 

79 + ll a 

61 ± 8* 

16 ± 10 

0 C 

0 C 

— 

0.00 c 

f) 

dead LVS3 + WT 1% + VP D3 

59 ± I7 ah 

50 ± 14 ab 

39 ± 12* 

14 ± I4 abc 

6 ± 9* hc 

1.73 ± 0,35 a 

2,16 ± 3.27 ahc 


The WT yeast cells constituted either I % or 10% of the total AFDW supplied. As a control, nauplii were not supplied with dead LVS3 but only with 
these reduced amounts of yeast cells. The challenge test was performed with Vibrio Campbell it (VC) or Vibrio proteolyticus (VP) added on day 3 
(D3), The first column in the table refers to the type of treatment (see Fig, 1). Values are presented with the respective standard deviation 
(mean + SD). Values in the same column showing the same superscript letter are not significantly different (n = 4; pr ukc . y > 0,05), 


Table 3 

Experiment 2 — Mean daily survival (%), individual length (IL) (mm) and total biomass production (TBP) (mm per Falcon tube — FT) of Anemia fed 
daily with dead LVS 3 and mnn9 


T 

Experiment 2 

Survival (%) 

Day 2 

Day 3 

Day 4 

Day 5 

Day 6 

IL (mm) 

TBP (mm/FT) 

a) 

mnn9 10% 

81 ± ll ahc 

78 ± I0 ;lhc 

68 ± 13 hc 

65 + I4 hc 

65 ± !4 abc 

2,10 ± 0,35 a 

27.30 ± 5,94 1>c 

b) 

dead LVS3 

66 ± 9" 

55 ± 17 c 

33 + 17* 

14 + 6“ 

8 + 3 d 

1.36 + 0.18 h 

2.04 ± 0.79 t3 

c) 

dead LVS3 + mnn9 10% 

89 ± 3 a 

88 ± 3* 

86 ± 5“ b 

84 ± 6 Llb 

80 ± T 

2.65 ± 0,43* 

42,40 ± 3.75“ 

d) 

mnn9 10% + VC D3 

73 + 9 bt 

73 ± 9 ,Ki 

69 ± 6 C 

59 ± 8 C 

50 ± T 

2.29 + 0.37* 

22.90 ± 3,24 t 

e) 

dead LVS3 + VC D3 

70 ± 15^ 

64 ± 17 1 * 

3 ± 5 r 

ff 

if 

— 

o.oo- 

f) 

dead LVS3 + mmi9 10%. + VC D3 

89 + 8 ab 

85 ± 8* b 

80 ± 4 abc 

74 + 5 h 

71 + 9 ab 

2,62 ± 0,45* 

37.34 + 4.47 ah 

d) 

mnn9 10% + VP D3 

66 ± 13 c 

61 + 18*“ 

59 ± 22 cJ 

58 ± 21^ 

50 ± 21 ^ 

2,37 ± 0.49* 

23.70 ± 9.87 bc 

e) 

dead LVS3 + VP D3 

79 ± n Ahc 

61 + 8 C 

16 ± 10 ef 

Q* 

o e 

— 

0 AW 

f) 

dead LVS3 + mnn9 10% + VP D3 

91 ± 5 il 

9! ± 5 a 

90 ± 4* 

89 ± 5" 

86 ± 8 a 

2.52 ± 0.41“ 

43.47 ± 3.78* 

a) 

rnnn9 1% 

48 ± 19 btd 

2H + I7 ted 

1 + 3 e 

(f 

0“ 

— 

(LO0 d 

b) 

dead LVS3 

66 ± 9* b 

55 ± 17 abc 

33 ± 17^ 

14 ± 6” 

8 ± 3 C 

1.36 ± 0.1 S b 

2.04 + 0.79 L 

c) 

dead LVS3 + mnn9 1% 

83 ± 16* 

68 ± 12 a 

65 ± 9 ; * 

64 ± 9 a 

64 ± 9* 

1,73 ± 0,34 ab 

22,06 ± 2,95 a 

d) 

mnn9 1% + VC D3 

33 ± 9 d 

18 ± I 2 d 

o e 

o c 

0 J 

— 

o.oo d 

e) 

dead LVS3 + VC D3 

70 + I5* b 

64 ± 1 1 A 

3 ± 5* 

0 C 

0 J 


0.00 d 

f) 

dead LVS3 + mnn9 1% T VC D3 

63 ± 20 Ahc 

51 ± 17 ahc 

19 ± 8 C 

o c 

0 ,! 

— 

0.00 11 

d) 

mnn9 1% + VP D3 

38 ± 13 cli 

23 + 16 c “ 

0" 

0" 

o d 

— 

0,00“ 

e) 

dead LVS3 + VP D3 

79 ± Il a 

61 ± 8 a 

16 ± lO 011 

o c 

o d 

— 

0.00“ 

0 

dead LVS3 + mnn9 1% + VP D3 

59 ± !7 LltH; 

56 ± 15* b 

55 ± 14* b 

43 ± I3 a 

30 ± I4 b 

1.86 ± 0.33“ 

11.16 ± 5.26 b 


The mnn9 yeast cells constituted either 1% or 10% of the total AFDW supplied. The challenge test was performed with Vibrio campbellii (VC) and 
Vibrio proreolyticus (VP) added on day 3 (D3). The first column in the table refers to the type of treatment (see Fig, 1), Values are presented with the 
respective standard deviation (mean + SD), Values in the same column showing the same superscript letter are not significantly different (n = 4; 
pTukey 5 1 0 -05 ) - 
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AN nauplii challenged with both pathogens and not supplied with WT or mnn9 yeast died before day 5 (Tables 2 
and 3 — treatments e). The addition of I or 10% of WT yeast did not significantly improve Anemia performance when 
challenged with VC (Table 2 — treatments f). When challenged with VP, nauplii supplemented w ith 1 % of WT yeast 
(treatment f) were only able to significantly improve survival on day 4. Yet, significantly higher TBP occurred when 
10% of WT yeast was provided to nauplii challenged with VP (treatment f), in comparison to challenged nauplii not 
supplied with this yeast (treatment e), due to higher survival. The addition of 1% of mnn9 yeast w as not able to sig¬ 
nificantly improve Anemia performance when challenged with VC (Table 3 — treatment f) in comparison to chal¬ 
lenged nauplii not supplied with the mnn9 yeast (treatment e) t except for survival on day 4, Yet, challenged 
nauplii supplied with 10% (VC and VP - treatments 0 and 1% (VP - treatment f) of mnn9 yeast, significantly 
improved TBP in comparison to nauplii solely fed with LVS 3 (treatments e), mainly due to higher survival. 

32. Particles of glucan 

The particle diameter distribution of commercial glucans is presented in Fig. 2. Only 12.11%' of the particles had 
a diameter lower than 50 pm, which is considered to be the upper limit for possible uptake by Anemia, In order to 
provide enough amounts of glucans (130 pg/tube or 26 pg/tube/day) that could be effectively ingested by Anemia, 
it was necessary to provide a higher amount of glucans (+1 mg/tube or ±200 pg/tube/day). 

The effect of glucans on the protection of nauplii fed with WT yeast, dead LVS 3 or a combination of dead LVS 3 and 
WT yeast (called mixture) w^as tested in a challenge test with VC and VR Results presented in Table 4 (Exp 3) indicate 
that non-challenged nauplii supplied solely with glucans (treatment g) w r ere only able to survive until day 4 , suggesting 
that glucans are a poor feed source. Anemia fed solely with WT yeast or dead LVS 3 (treatments i) could survive until 
day 6 , although with low TBP, while nauplii fed with the mixture (treatment i) presented a relatively high TBP. This 
improvement w as probably related to the higher AFDW provided (Table 1). The addition of glucans to non-challenged 
nauplii fed WT yeast or dead LVS 3 (treatments k) allowed them to significantly improve TBP, mostly due to higher 
survival. No major improvements were observed in nauplii TBP when fed with the mixture and glucans (treatment k). 

When challenged with VC or VP, Anemia fed w ith dead LVS 3 (treatments j) died before day 5 (Table 4), while the 
addition of glucans was able to significantly improve Anemia TBP challenged with both pathogens (treatments 1), 
mostly due to improvements in survival. Similarly, Anemia fed w ith WT yeast and challenged w ith VC died before 
day 5 (treatment j), while 4% of the nauplii fed with this yeast and challenged with VP were able to survive until the 
end of the experiment (treatment j), although with a low TBP. The addition of glucans to Anemia fed with this yeast 
significantly improved their performance when challenged with VC or VP (treatments 1), mostly due to improvements 
in survival. Nauplii challenged with both pathogens and fed with the mixture (treatment j) presented significantly lower 
I BP in comparison to non-challenged nauplii (treatment i), due both to lower survival and IL. Yet, the addition of 
glucans to nauplii fed with the mixture and challenged with both pathogens (treatment 1 ) significantly improved 
TBP, in comparison to challenged nauplii not supplied with glucans (treatment j), mostly due to higher survival. 
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Fig. 2 . Mon-cumulative mean volume distribution (%— grey bars) and cumulative mean volume distribution (%— black line) of the diameter of 
glucan particles (pm) used in experiment 4 r 
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Table 4 

Experiment 3 — Mean daily survival (%), individual length (IL) (mm) and total biomass production (TBP) (mm per Falcon tube — FT) of Anemia fed 
daily with WT yeast, dead LVS 3 or a combination of WT and dead LVS 3 (WT + dead LVS3) 


T 

Experiment 3 

Survival (%) 

Day 2 

Day 3 

Day 4 

Day 5 

Day 6 

IL (mm) 

TBP (mm/FT) 

g) 

Glucans 

86 ± r 

51 ± 6 J 

3 ± 5 a 

0 a 

0 a 

— 

0 a 

h) 

Glucans + VC D3 

84 ± 5“ 

46 ± 8“ 

tf 

tf 

0“ 

— 

0* 

h) 

Glucans + VP D3 

91 ±T 

54 ± 5 a 

0* 

IT 

o a 

— 

0* 

i) 

WT 

49 ± 14 b 

35 ± I9 h 

26 ± 19" 

13 ± I0 C 

4 + 5 lx; 

! ,19 ± 0,15 a 

0.89 ± 1.14^ 

j) 

WT + VC D3 

48 ± 18” 

36 + 13" 

4 ± 5 J 

o d 

0" 

— 

o c 

j) 

WT + VP D3 

4! ± 14 b 

35 ± 7 h 

16 ± 5^ 

8 ± e 

4 + 5 hc 

132 ± 0,09 Jt 

0.99 ± l.26 bc 

k) 

WT + Glucans 

93 ± I0 a 

83 ± 9 L1 

so ± r 

75 ± 4 U 

43 + 12“ 

136 ± 0.20* 

11,56 ± 3.24* 

l) 

WT + Glucans + VC D3 

83 + 6 a 

76 + 11“ 

64 + 8" 

50 + ll b 

29 + 13“ 

L5I ± 0,25* 

8.68 + 3.97* 

l) 

WT + Glucans + VP D3 

88 ± 3 a 

88 ± 3 a 

73 + 10“ h 

39 ± 9 b 

19 + I3“ b 

1.37 ± 0.22 a 

5.14 ± 3.60 ab 

i) 

dead LVS 3 

81 ± 11* 

64 ± i r 1 

48 ± 2l h 

24 ± 12 s ' 

20 ± M* 

1.44 ± 0.23 a 

5.76 ± 4,07 lx 

j) 

dead LVS3 + VC D3 

86 ± e 

65 ± 13 bcd 

3 ± T 

o d 

o d 

— 

0 d 

j) 

dead LVS3 + VP D3 

83 ± !2 a 

64 ± 5 d 

5 ± 4 C 

o d 

0 d 

— 

0 d 

k) 

dead LVS3 + Glucans 

96 ± 5 a 

90 ± 1 l a 

88 + 9 a 

79 ± I5 a 

48 + 10“ 

1.44 + 0.27* 

13.68 ± 3.00* 

1) 

dead LVS3 + Glucans + VC D3 

91 + 8* 

85 ± T h 

53 + 23 b 

11 ± 3 C 

5 ± 4 C 

! ,57 ± 0.26 a 

1.57 ± 1.28 s 

D 

dead LVS3 + Glucans + VP D3 

89 ± 6 a 

79 ± 8 jbt: 

64 ± 15 ab 

41 ± 17 b 

28 ± 9 b 

1,57 ± 0,25* 

8,64 + 2,72 ab 

i) 

WT + dead LVS3 

90 ± T b 

79 ± 8 b 

76 ± 10* 

76 ± 10 ab 

75 ± 9 ab 

1,75 ± 0,32“ 

26.25 ± 3,20 ah 

j) 

WT + dead LVS3 + VC D3 

88 ± 3 b 

83 ± 6 Llb 

41 ± 19 C 

25 ± 16^ 

15 ± 9 c 

1.55 ± 0.21 a 

4.65 ± 2.83 d 

j) 

WT + dead LVS3 + VP D3 

96 ± 5 ah 

95 + 4 3 

69 ± 9* 

61 ± 16” 

51 ± !9 b 

1.59 + 0.23“ 

16.30 ± 6.00" 

k) 

WT + dead LVS3 + Glucans 

100 ± 0“ 

93 ± 6 ah 

91 ± 5* 

85 ± T 

76 ± 3 fl 

1.90 ± 0,36 a 

28.98 ± 0,95 a 

1) 

WT + dead LVS3 + Glucans + VC D3 93 ± 3 jb 

90 ± 4 ab 

88 + 6“ 

81 ± 9 jb 

70 ± ! I* b 

1.58 ± 0.28* 

22.12 ± 3.4 l b 

1) 

WT + dead LVS3 + Glucans + VP D3 96 + 5 ab 

91 + 9 ah 

84 ± 6 ab 

84 + 6' 

78 ± I8 ah 

1.88 ± 0.35 a 

29,14 ± 6.95 ilb 


Particles of glucans were supplied daily (glucans), The challenge test was performed with Vibrio Campbellii (VC) or Vibrioprnteolyticus (VP) added 
on day 3 (D3), The first column in the table refers to the type of treatment (see Fig, I), Values are presented with the respective standard deviation 
(mean + SD). Values in the same column showing the same superscript letter are not significantly different (« = 4; Pyuk^y > 0.05), 


4* Discussion 


Yeast cells are surrounded by a cell wall composed mostly of and pi ,6-glticans, mannoproteins and ehitin 
[26], The mannoproteins are mainly present in the outer cell wall layer. In WT yeast cultured in YEPD medium 
and harvested in the stationary growth phase 48% of the cell wall is mannoproteins [19]. Since Artemi a do not 
have digestive enzymes in their gut able to process these mannoproteins [31], the yeast content is probably less ac¬ 
cessible to other digestive enzymes, and thus the WT yeast cannot be properly digested. Consequently, animals fed 
with WT yeast present poor growth and survival, as demonstrated by Marques et ah [19—21]. The mnn9 mutation 
changes considerably the yeast cell wall composition, resulting in increased proportional presence of cell wall bound 
ehitin and glucans in combination with reduced mannoproteins [19,26,33], The distribution of the cell wall constit¬ 
uents also change (c.g. ehitin is more evenly distributed through the ceil wall in mnn9), causing an effect on the way 
the cell wall compounds arc covalently linked to each other [34]. This change increases cell wall permeability and 
decreased integrity in the mnn9 yeast [35], as well as an improved yeast digestibility to Artemia, thus allowing nauplii 
to perform better in comparison to WT yeast [19,20], Interestingly, Anemia fed with the mnn9 yeast was also aiw r ays 
protected against different pathogenic bacteria, while naupli i fed with WT yeast could not resist the detrimental effects 
of the same pathogens [21], Although the authors were not able to find the exact mechanism involved in such protec¬ 
tion, P-glucans and ehitin (present in higher concentrations in the mnn9 yeast cell wall) were hypothesized to play an 
important role in the protection of Artemia against pathogenic bacteria. This hypothesis is corroborated by Vismara 
et ah [36], who obtained a significant increase in Artemia resistance against stress conditions, by daily administering 
nauplii w r ith a Euglena gracilis mutant rich in fi-glucans. Other hypotheses can be formulated to explain the protection 
provided by the mnn9 yeast: it might be the result of an improved condition of A? temia fed with a more nutritious diet; 
or mnn9 yeast might stimulate/activate the digestive physiology (enzyme secretion) in the same w r ay as previously 
described for European sea bass Dicentrarchus labrax supplied with microalgae [37] and Baker's yeast [38]. 
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To clarify the contribution of mnn9 yeast in the protection of Artemia against VC and VP, it was necessary to dif¬ 
ferentiate the nutritional features of mnn9 from its immune abilities. For that purpose, small amounts of mnn9 and WT 
yeast were daily supplemented to nauplii fed with the poor-performing dead LVS 3, which could not protect Artemia 
against both pathogens. As expected, Artemia supplied with the non-protective WT yeast (1 % or 10%) were not able to 
withstand the challenge with VC (Tables 2 and 5; treatment f). Yet, total protection w'as achieved when 10% or even 
1% of WT yeast was provided to Artemia challenged with VP. Artemia supplied with 10% of mnn9 yeast were com¬ 
pletely protected against VC and VP (treatment f), while nauplii provided with 1% of this yeast presented total pro¬ 
tection against VP, but not against VC (although some residual effects were observed on survival at day 4) (Tables 3 
and 5). Additionally, in most treatments where protection was achieved with the mnn9 yeast, general improvements in 
nauplii IL were observed. The addition of small amounts of yeast to Artemia suggests that the protection against both 
pathogens was not only due to better animal condition, but eventually due to an enhancement of their immune 
response. Yet, results obtained with VC were inconclusive as nauplii did survive when supplied solely with 10 % 
of mnn9 (treatment a). Improvements in the health status of aquatic organisms can be achieved by balancing their diets 
with regard to nutritional factors, a phenomenon called nutritional immunology, since some nutritional factors are so 
intimately linked with biochemical processes of the immune system that significant health benefits can be obtained by 
adjusting the concentration of such factors [ 6 ]. 

Interestingly, unchallenged nauplii offered a mixture of mnn9 yeast (only 1% of the total AFDW provided) and 
a dead bacterial strain presented significant improvements (Table 3; treatment c), especially in the survival rate, in 
comparison to unchallenged nauplii supplied solely with the dead bacterium (treatment b). This result seems to sug¬ 
gest that the mnn9 yeast presents unknown compounds that enable Artemia to better digest dead bacteria, e.g., by stim¬ 
ulating/activating the naupliar digestive physiology (enzyme secretion), in the same way as previously described for 
European sea bass supplied with baker's yeast [38]. Since a similar improvement in Artemia survival was observed in 
Experiment 3, w ? hen glucan particles obtained from the baker’s yeast 5, cerevisiae were provided to unchallenged nau¬ 
plii, most likely glucans present in the mnn 9 yeast were responsible for such enhancement. 

In the final set of experiments (Table 4), glucan particles were fed to Artemia, together with non-protective feeds, to 
evaluate the role of such particles in the protection against VC and VP, In the absence of a challenge, pure glucan 
particles were not able to boost the IL of Artemia nauplii in a significant way (although it had a clear effect on survival) 
(treatments k), suggesting that (3-glucan is not a major nutrient source. Nonetheless, almost all challenged nauplii were 
completely protected against both pathogens when supplied daily with small amounts of glucans (26 pg/tube) (Tables 
4 and 5), except when nauplii were fed solely with dead LVS 3 (glucans could avoid detrimental effects of VP, but only 
partly the effect of VC). Although not confirmed for Artemia* P-glucans, lipopolysaccharides and dead bacterial cells 
have specific recognition proteins in shrimp haemocytes [39], which play important roles in the crustacean immune 
system [2,40], improving their innate immune response against diseases. 


Table 5 

Summary table of results obtained in the challenge experiments: “ + M means protection ( = significantly higher in comparison to challenged nauplii 
supplied solely with feeds) arid “ = " means no protection ( — no significant differences) provided by small amounts of WT or mnfi9 yeast and by 
glucan particles on Artemia performance, when fed with different feeds and challenged with V. cwnpbellii and l 7 . proteolyticus 


Vibrio Campbell ii 



Vi bn o proteolyticus 



Survival D4 Survival D6 

(%) (%) 

IL 

(mm) 

TBP 

(mm/FT) 

Survival D4 Survival D6 

(%) (%) 

IL 

(mm) 

TBP 

(mm/FT) 


Experiments I and 2 

Dead LVS 3 

10% WT 



nd 


© 

© 

nd 

© 

1% WT 


= 

nd 

= 

© 

= 

nd 

— 

10% mnn9 

© 

a 

nd 

0 

0 

© 

nd 

0 

1% mnn9 

© 

= 

nd 

= 

© 

0 

nd 

0 

Experiment 3 

WT + Glucans 

0 

© 

nd 

© 

0 

= 

= 

= 

LVS 3 + Glucans 

0 

0 

nd 

© 

0 

© 

nd 

0 

WT + LVS 3 + Glucans 

0 

0 


0 

= 

= 

— 

“ 


A circle around the " + ” means that the feed was not protecting or only protecting partly nauplii against the specific pathogen; “nd” means not 
determined due to no survivals* D|, D4 and D6 means that the compound w r as added respectively on days L 4 and 6. 
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In conclusion, ihe mnn9 yeasl (but not the WT veast strain), even when supplied in small quantities, protected 
Anemia nauplii against pathogenic bacteria, suggesting that this yeast strain is able to stimulate the innate immune 
response. Similarly, the addition of pure glucans to Anemia fed with poor performing or better quality feeds totally 
protected this organism against VC and VP, most probably by direct stimulation of the naupliar immune system. The 
mnn9 yeast cells seem to fulfil a double function, as they are both boosting IL of Artemia and protecting them in a chal¬ 
lenge test. In view of the fact that ihe mnn9 yeast cell contains more (3-glucans than the WT yeast cell 119,26,33], it is 
tempting to speculate that mnn9 cells, at least in part, protect nauplii through either their higher concentration of (V 
glucans in the cell wall and/or the higher bio-availability of [3-glucans to the Anemia nauplii. The mnn9 null mutation 
causes a considerable change in the way the major yeast cell wall components are covalently linked to each other [34], 

The present gnotobiotic Artemia challenge test can be used as a unique system for differentiating between nutri¬ 
tional effects and the real immune stimulatory abilities of a sped he compound, especially if combined with other 
tools, such as the measurement of immune parameters and gene expression analysis. It will be interesting to investi¬ 
gate whether the mnn9 mutant yeast cell can be applied in open cultures with other aquaculture target species and 
against other pathogens. In addition, gene expression studies in Lhcse gnotobiotically-grown Artemia should provide 
further documentation on how yeast cells and/or specific compounds have a direct effect on the innate immune system. 
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